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<^ <t t {c. i^m 1 <7)®#3a:^ h ^ >- v^;^ ^ n 2 <7)m# 

(om^^^ Yy^y^J^:^^ (D^ti^^tKD K W >'fcgEtL'5 

master tjj^ [HI r. t ^Wif^tir^m:^ms 

i^M2co^m^i^^^<ttuiBmi (D^m^t^ 
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^m<omm^^BWti&mm:{cis\,>x^ mm^^(Dm^^ 
^^m»imi\^'rh\^xn^:it^(i^mt-r^mm^^m 

^T*<7)0#H4:. ^^^J-^i >'7^>-^f^o^.^TfWI Clef's r 

igt*:3s 1 3 ] ^mi*mm±{^mmm 1 ^^^s^mm 

2 ^sco-^ b y ^ |^ 2 h y ^ 
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:^^itcx^xmm^tixmmmtK^n^m^(Dmi(o:^ 

30 (Oi^y h\^i^:^^i^cXoXUm^tiXmmm^7^=^>y'> 
'^i:miKir^m^(Om2(Dy.^ y^^n-:>Z.t^mWit 

m-^^ 1 4 ] #^gf$stg±(cmjiE^ 1 (omm^mm 
tF* 2 ^5^^0-7 b y ^ ;^t*t{ega?ij 1^ 2 ^5c^ h y ^ 

:^<D—m\:immm^m(DVy>i;>::^^^W'h. -flil^^— i22 
Sr. 'm^hyi^-J>^^-^t:,Vt:^^y'^^m.W\'1r^\^^^v 

m^mi 5 1 Htjfsm2o^m^«im^^^i^$tt^ 
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mtir^m^m 7t.X(D 9 ^ov^'m;0-^c|S«fe<7) 
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mhy>-:^y^^ (•^fzi'immj)^hy>'i^:^^) U 
50 y>':^^±mhy>i^:^^(D:^^ (^fziiy-:^) 
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:yl>7.9(r>^—:^ {::A;^-r-5«£ESrV 
bramp, ^VT'ttEESrVr, I^SEM 2 (^JSftS^iftSf 

^(^iStttrR b 2 i: LT, y >-7'^^ffle^nW}g*il[R 
ramp€rRb2- (V b r a m p /V r ) 2 ii^TtCia: 

tflfE« 2 t Sriee-t- S r i: Sr^Sl: i "fS 

[ft^3Sl8l ¥-*i*S«±(Cpi3gr:i:{C2»:5n<D-^ 

(ii*3S2oi ^^m{^&m±iic. mm::: tic. am* 

2. r i *it^8S:<!:-r.Sii*JS 2 0 {cl2tto|RlM*^^^flf[ 
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j^*^ t m 2 (D^msm^^rostitwtt^toff lb o t 

lO 0 O 1 1 

5, 

[0 0 0 2] 

[0 0 0 3] ^M*^1-i^«^^g^-*3V^T«. i±i;^m^ 
{cj3tt'5±#<c^^-r r;^fiK^>tc£-:5< y-<X^|^*L-C 
S/N^l6]±-r5 i i: t>(C, 85:^^^*1-1 ^t^5 i 5 Id 

[0 0 0 4] 

Xli*:^?q#(05felg^e^-efc5!t?JBB¥7 - 1 9 3 7 5 2 
•^*3<tT>'!|#mJp6 - 1 8 9 1 4 4-^{c:te«g$tl';tt)W;JS 
*>•£>„ 

[0 0 0 51 [21 2 1 (1. '^^(D^M^^^m^mm.m.nm 

EI2 1, E|2 2(C-<5iJ^^-rJ;9 
(c. i|^^#f2^StS2 0 <!:^(^S«^E(c^^|eISS2 1 
^co±JCAM*^1-i8l^&mM{t-^{i^^«|-rsS>tgf5tr 

[0 0 0 6] y =" ^'^{tflf 2 2 i: . 2 

3^, T/i'^^'J'-i. (A 1 ) A^h'^i^i^y <>>■ h'Umz 
^^>-jfio ^—^ 2 7 '>V ='>mit«^2 8 mit 
[0 0 0 7] rO*ffilHlK*5it/S3tgl5li, H&TcCDa^ 

[0 0 0 8] g3tSRI4#^^%Kl|X-r-5*^1-^B5i|X^ 

fc J; o T ^ <om^e*tfii*s S^ti-r n > - Sr ffl V > T 

[0 0 0 9] #S^ic:AMLfc5!5^1-i|gia. =g-iii^cD*^1- 
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1 8 9 1 4 4^{C|S«$i^TV^^, 

m^co^^^^^nm^-r^m^. 300° kco^^^^^^scw 

[00 111 $ib«C7j?n>-^Moa^^ilSSte*^T* 
[0013] 2 3 It. fie3tE(7)?R^M#^^««l3gS<^lHl 

lot. ii^W-^^y Y ui^y^ lit. t±l;^(i) 12^, 
ffi;^(2) 1 3 a^IUKd) 1 4 <b> IS^lElgS{2) 1 

|COV^TIt. i|tPS¥7 - 1 9 3 7 5 2-^{CsS«cSnTV^ 30 

[0 0 141 •^t:.z.(omx\^. WA^>'f>'^^^mm 

;^>T-#. y^:^^cD^i$,^m<LXy^:^i:mhir-t^- 
X^^ (#PJ¥7 ~ 1 9 3 7 5 2^#Ha) ^ ^iTcteCO^iJ 

^^^y^>^{cmi'fxm^^>'f>'^^±^<x^^^ 

•5l-L/t«SJ;6S, i|#ffi¥5-2 2 9 9 4 6#lCfa«e^tbT 
[0 0 151 -iK:{C*^;S«fft3^S-Clt. #B^^O^^t^ 40 

#;65#tiEi-6o :m^ii^>''^^->'y (FPN) t 

i--</wi7:)i^(bo#fi:^i^^#-r^;^^!;-:^ls:itT. i!:^ 
/^iJ' — x<|:^iiEUTv^-5 (^RpiSBge - i s 9 i 4 

4 ^#08) ^ 

[0 0 161 ^7t^i^(7)^^ij-c{t. x^^><;^<7^fca;^ici®^ 
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rV>-5 (!RF||g5p6 - 1 8 9 1 4 4^mm) o 
[00171 

[3^?^;65«|RLci; ^ <b-r5llMl 3fel^<^4*P^¥7- 1 9 
3 7 5 2-^^«(c^:^$ttfnfi^^ff{Ci3VNTIt. 

[0 0 181 mmmi^m^(Dm^'^m'j^'r^tiibi^a^. 

m^'^m'f-^tii't^mr^m^t-'jt^^mtfj:^^^ v^^i^y^ 
^{aty<^yi^-^m{ci.xh. Mosmi^cLxh. ^>3 

5/h/>rx, >'y:^y-<X/^<^f^Dy-YX;^5#fti- 
^o S/N^S< i-5f::i6{cit. r (7) h 7 :^ iJ' tc J: 

[0 0 191 ^mme- 1 8 9 1 4 4-^r*^^LTl/^^ 
[OO2OI 111 2 2 |C7r:$:ixfc J: 9 ^'^^^'n ;^ — :$'4rfflV> 

0iJ;tlt\ ?^>^^l^<Dffi^f*^B:rc^ #co^V-^:7^jU 
ofa^^^blt. o. o 0 2°cm^(7)t>-f;e>^/^?ag^l|-Cfc 

(K!;:7h) it:*c#* 

[0 0 2 il ^ fb{w/-<^r:^^:^^=^r-\'>'-fe/U'1-^(E]SS 
[00221 $ b{c?^5l5cofiaS*^l6»»^SIt. 

it-^(^*^i®^'e#/.ev>o 

[0 0 2 31 ^^\zs/\^^^o:>fz.mz\%^^>(Ty^mM 
^^mi^-r^^K 't(Dm'^(oMm:^-^immxanm^thx 
[0 0 2 41 ^h{C7f.uy-^nMm^^irt}^E.^m 

-eit%stsixTv>/^v^ 

[0 0 2 51 ^ btcu^^--"^— ^/-Yxii, m-^'<Dy^ 
-)-^ y^ t^^^Pi^mt^^h^ . ^mmxh 

^iIElH]Sg/c^<t^T^ffiiE^^Torv^6;0^ MlElHlSSlcitA/ 
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lO 0 2 6 J 
[0 0 2 71 

[0 0 2 8] (1) ;^^5^cDSftS5:^^^«^^Sii> AW 

i-^mmt-^^^^-r^m i co^jim^^m^ i o i i:. 
s 1 1 o ^y^icmm^tit^mi 

m 2 (D^<^ tK— ^ b ^ V-v?;^ 1 0 4 <h . H 2 <D>'^>t' 

O 3 i:^mMtC^^-r;6<h <h ttd. mi(Dy<^7i^-y h 
y^iy:^.^ 10 2 i:^2co^^-f xK— ^ h^^-i^^^^ 1 0 

[0 0 2 9J (2) (1) (Dm^^^. mi<D^<^:^-9 h9 

[0 0 3 01 (3) >^mm<Dm^m^^mmtkmm\'^. am 

K i-^ > {cmm ^ixfz.%2 <Dn.m-^^ y=7>'j>^^ 
m2(Dm^^^hy>'i^:^^<D h^i^^ ^'{c^m^tifzm. 

'^'^(Dmm.^A^m'j^^>''fi^'^^mmi.x^j:^. rcos 

[0 0 3 1 ] (4) (3) (om^\c^ mKom^^^vyi^ 

[0 0 3 21 (5) (1) -(4) (Dm^\:i. ffifeif^ii:^. m 

L<l^ 2m-h5i^tir^, 

[0 0 3 31 (6) (1) --(5) (Om^l^:^. lgtafc:ft;tTA 

iti^^^m^^A^i^x^±Ltcm\^xr>xumtmiti.^j: 
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[0 0 3 41 (7) (6) (Dm^{^. ^m^mm±,{^^.(on 

[0 0 3 51 (8) (1) -(7) (Om^^C^ ^»f*:S«±JC 

[0 0 3 61 (9) (1) --(8) £Oi^^<^^M*^lft««^ 
[0 0 3 71 (10) (1) -(8) cO«^cO^M*^51^^«ffe 

[0 0 3 81 (11) (1) -(8) (Dm^(Dmmm^mmfisi 

[0 0 3 91 (12) (1) -(8) <Dm^<omm^^^mmm. 

■9- o V > r «s# ^ ^ ^ij -c^T 9 o 
[0 0 4 0] (13) (1) -(8) (om^{c^ ^mi^mm± 

^<h. m2(Diyy hiyi^:^^^^^<yxmm$tixmmm 

z^y h^i^::^^ ms(Diyy hiyi^y^^{cx-:>xpm 

$tixm'7^^>''f>'^^mtRir^m^<om2(D>^^ 

[0 0 4 1] (14) (1) --(8) cD^^fc. ^mw^mm± 
fc. mi (ommM^m^Fi: 2 i^j^o^ hv^ :^m^im 
^(D2&:^'^ h V ^ :^(D—m^cm^m^m(D hy> 

[0 0 4 21 (15) (6) --(8) ^2<DmMM 

tinm^^^hy>'i^y^^<o^-h{c, y>'ymnm^ 
[0 0 4 3] (16) (i5)<^^'&(c:. y^y^m^^^ 

y^^^^mhyi^i^y^^ (^fzi^m^^^hy:^ 
50 v^;:^^^') :z(Oy>^^±mhy>i^^^(0=^^:y^ 
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6fl;£E^ V b r a m p . y l^zfm,EEi:V r . ^ 2 (DBM 

^m^^toisivt^R b 2 ^ LT. y>y^±mi&^<Dm. 

tn:ffiR ramp^, Rb2* (Vbramp /V r ) 2 

[0 0 4 4] (17) (1) -(8) (om^\^. ^m^mwi±. 
[0 0 4 51 (18) :^^m<o^m.^^9vmmmmmi\^. ¥ 

»(*Stg±{C(lI^r<h{C2^J:5nc^-^ h !^ ^>^ttt-gB?'J^ 

[0 0 4 6] (19) ^?tm<o^mm9vmnmmm\t. ^ 

^f*s®±{ciij^ri:{c2^^(5^-^ h y :^:^t^(cia^)i$ 

[0 0 4 7] (20) >^^m(Dmmm^mni!iimmn't. # 

[0 0 4 8] (21) {20) (Dm^i^Z^ ^W^ttSSlt^^ 
[0 0 4 9] (22) (21)0»^«C. y'u— 7=-^ ^'i/^J^- 
CX^(0\^^\^^mmi^i:mt^ii:^Zt{:iX<:>X. mi 
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[0 0 5 0] 

[0 0 5 1] mi tc^f <t 0 ic. ^^i*S«±{c: 101 

^iJ'^'/ifn^— ^ 1 (^^-V7yA±) . 102NPN 
h^^'v^;^^. 1 0 3^^>'7jfn;»<— ^ 2 (S45-b) . 
1 O 4 PNP 1 0 5ffl^5-='>'T'>'i^S:?f$ 

[0 0 5 2] 1 0 i^iJ^^-Tj^^npi-i^^ 1 v^mmtm 

>'>^;^^co-<— ;^{C'l:mv b 1 ^Ri^Df 5 i o 2 N 
PN h^Vv^J^^iJ'CT)^— :n ^ -/^PB^a;;£^V b e <i: 
LT. 1 0 1 ^^^'^^^n;^— ^ 1 (Vbl-Vb 
e) (DWi^t^t^t^^^ 

[0 O 5 3] mfCjzoT. 1 0 l^^V^J^n;/— ^ 1 
cOt&ta^R b 1 <ht'5<h. 1 0 2 NPN h ^ > >^ 

I c 1= (Vb 1-Ve) /Rb ICOm 

[0 0 5 4] 1 0 a^^J'^'J^^npi-^ 2i^S*g±(c:?F^^ 
LT*5f3. AW*^^{C*fLT^*;65/^V>o 104PN 
P h^:/i^><.i$'c7)-<— x(cmi£V b 2^Rl*p-r5<i:, _b 
iH<hfpIct9l-. 104PNP h ^>'v^;^><D=f t-i^ ^fc 
(i, I c 2 = (V b 2 - V b e ) /R b 2 (Dm»fc;e»>attt 
5o R b 2t^l 0 a^iJ^^-^J^a^-^ 2<Dlg:fet 

T*$)5<, 1 0 a^^^^'VAKHT^-^ 2?rStg_b(C?1^^1~6 
f^ll. Al^5!F^i^{c^UTi^ffi^fiF/ti^:/^V>ytie)<lr. 

[0 0 5 5] AW*^^^iSi^Ufct^J8T*li, 10 2N 
PN h^>'v^;^^CO^l/:^i$'ffl;iift Icl<b. 104PN 
P Vy:y^J':^^(0^ I c 2ilo*9'g^oT;jo 

1 0 5^:^=2 >'7='>'1^(Cl^f5.tA><!:mSE?55gEtb/^ 

[0 0 5 6] *i$^l8;^^AM-r-5i:. #!\^Bi^ixfc 

i^jT^u;^-^ 2(D^mm^mtL^j:\^^tiib. l c 21^^^ 
[0 0 5 7] i/^:^ ^^^m-^ I c 1 (7)^^i:(c j:or. m^^^ 

Al = (Ic2-Icl) T^^^C. 1 0 5|S:^r3>'7=^>' 

ti^j:^^^fzy<^r:^f&^t}^h^J:^X^V. ±^^j:y<^T 

[0 0 5 8] I mAO/-<-f r;^miifc^Sf£Uyci<i: 

lt:co^aSII(^)tt^ft:Sr^fcB$<Dm^^i»lirort 

(D6nAmm iy-<'Y-yyJ^(D^^&±^l^2mX:. ^T^u 

;^-^<D^^&»M\'±o. a%/°c<h trff^) -efeo. 
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10 0 5 9] lilt. Rb 1. Rb 2fSiif<r>\ih^^f£hf 
bo^(c:J:oTl^.#^n<CV>l%tjl^O. 9 9% 

[0 0 6 01 m:PL\-^. 4 /i s e cC^W^^^frV^, =i ^-^^ 

^-i^(^?«jE^5 v*-c^ trc^-g*. /^-rr^^msK/Ss 1 m 

Ac^^^-t^ll. 8 0 o p F t<7)^S:755i£^^il^c:/^5^^{->y• 
[0 0 6 1] 4fc7}fn^-i$^Mc^f?ftMf!5^i»»«agS-e 

[0 0 6 2] ^h{C:i^%m\±. Kh 2 tX^XW^t^^mfi 
X{ttX:<. 1 0 3^i^>'7J^'n;^— 2S:fflV^TV^S, r 
<D1 0 Z^^l^^-u 2(Omji0yU.S.^W\±. 10 

^/<^;j^(^M^;ei>^^t:LTt. Rbl. R b 2 I^^IrI C#J 
^-e^^bU. SfoT. Ji5CJ:*?Icl. Ic2t[RlC#J 



[0 0 6 7] b^>'v^:^;5'<^y-f ffiS 

r:r>'i$^>^ iJ?^;^. ( g m) Jj^' H ^ - ffita (R b 1, 30 
Rb2) , r 71 (-<-;^. 5/^5^rB^^&47t) T-tfJS^tL 

(gm) -^^^n^-^J^lg^^t, r 7i*::^C#<i-n«> 

[0 0 6 8] — jKtC/^-f 7jf-^ Vy>i:^:^^\±Qm:^^± 
1/f y-^Xt>lttSc6^/^$^/^;t^i6?P^/^|5ctv^;6^ 

[0 0 6 9] r.tK->ctLT. MOS FETcOgmtl. 

MO s F E T ^WAmmc^m-r^ :i ;65'srHg-cfe5o 
[0 0 7 0] i^ti—m^. MosFET«^i/f y-rx 
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*^5o rtiJc^LT. Rb 2 ^ LTm/i^5}St^:S:fflV^^c 

[0 0 6 3] ig]2i^. ^^m(omm^-^un\ikmu(^Wi 

f^**1-lH]?Slll(l) T'fooT. ±izliL/cRbl (10 1 
^^>'.-Kn7<— ^ 1) . Rb2 (1 0 3^^>'/i^ny — 
i5^2) kc^^mmmWi(r>^mm^t. mtimM \ n2 

[0 0 6 4] Ti^ny — ^5^^ h ^^-i/y^.iJ?!!, a >- V >- 

y>rx-^'>H 5/ hy^x, i/f y^xnc<h*(D#«c^y 
h^>'v^;^^oy-r xi-i^j^npi-ij^cDy-fXtc^u 

[0 0 6 5] rcDlHlKfCi^V^T. iM5)':n>v^>'i^tc^n 
^y-rX®»S i nii. (1) 2OC0 

7^^'^>:— ^J'tT^y-r XmSfc inbl<l:inb2.*5ctI52 
oO h^>'v?;^i$'<7)y >f X^iiE i n l <>: i n 2(D2*fP 

[0 0 6 6] 
[ISl] 

■^{gin(Rb2//m)} 

--Sd) 

[0 0 7 1 ] «5^[H]SSg{5^(:i/^Y h ^ ^ 

fflv^. v'y' h i/v^;:^^/cC<hV>i'Xfc:K>KL/c^v>Si5^{::M 
OSFET^ri^^Lfc, ^^-f ^ • MO S F E T — ft: 

i CMOS<7)>^arir>^;55^JfcLiS*!)rv>5cor% -^rn?? 
[0 0 7 2] HuaiU/cJ: [gl2cDRbl^Rb2(C 

\^mtn^:^m^tmfi^^o\c\^x. ^<^T:^&^i:i^ 

ii. Rb 2ti^<-rr>^^^S:l^.*t- 5fc4^/c{t^c#^£i- 
'5t>^^-Cfe^fc^?). Rb 2<^5g^i-6y>rx«iPitg?feRB 

[0 0 7 3] R b 2(7)^^3 >y>'y>rx^a^{c< < i- 

[0 0 7 4] iiSy-rx75S3 d Bmmm±-r^t. aw 

<^@-effiSffi-e#-5J: R b 2;5SR b 1 (C«-UT 
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1. 5mtlt/^P^<Dm±\t.2. 2 d B. SttW:^52f& 

[0 0 7 5] t uttstJtit 1 o^f-eit. /^xcom^i-^ 

0. 4dB-efeo-C. mmi^^^^fC::^ 
^<Jte^c rofci^. R b 2<7)ffl[<i: LTJ:i. R b 1 <D 

1. 5f&;0^blO<&. ft^^L<i^2iS:^^h5mm&t^^ 

[0 0 7 61 m 1 {Cj^tt6#J'J<^ 1 0 5m^^>'f>'\)- 

1 0 97K¥:=^>r5/^lSriiU-CMIJSfe ^m^tt^o 
1 0 7 ;^:7^n i o 8 b ^ ^-v^;^ i 

5o rcD/<ix:7rti. ^B&i-^r <h t-srfg-efo^o 1 1 

0 7K¥v'v^ h i^v^;^^ 1 10 9 7K¥;^-r l 

112 y~>?.-7;^n 9<Dy— htC?iix5o 
[0 0 7 7] I 1 2 y — I7<!r 1 1 3 AW h^>' 

60 1 o 6 yir5/ ^i^ta$ttfc^t(7)a55^ 

^^^T^^^i^comi^^y >y hmi£VRt:iMt*f::is6i^ to 
T**>6o r.OF!|-ei^#»5^lH]£S{c: 1 0 6 y ir:y h::^^ :y 

[0 0 7 8] yr^u y^->^m(Dmm^^^mmmmsx-i'±. 

«^^0#F«1T s LTt. yf^r2;^-^{c^uirmmi b 

< LX-^til-^. mZSyN^mhti^o S/Nti 

1 b tT s(D/U—hitC^m't^ (S/N I b>rT 30 
s) o WA^>''r>'^i^^WPLhti^m^mQ\^. I b <J: 

T s (DmXh^ti^ (Q=Ib-Ts).fpli::.S/N?r 
#e^^> I b$:;k:^< LTT s«r/hS< LJt^TT&SQtl 

[0 0 7 9] i^i];tl^S:^=i>'T'>'if^€'3?iJtcgaSLr. 

(7)^&xmts^o ^mmicsm . 33msec (Dm^ 

LT. 7 0 0 p F 'b<^^S;i'5i£^^il{-^c^or L* 9o 
[0 0 8 0] E 1 <7)0iJ-C|±, 1 0 2NPN hy>i^:^ 
9, 1 0 3^^>'7Kn^ — 2, 104PNPh^>'>^ 
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I b«r:^c#<-r'5r^{cJ:oriRli:s/N;65#(btL^o 

# < /c? ^ <b Pp^ Jli;^ > ^ ^-t- 5 c 

[0 0 8 1] Hui* L/hct ;J^'np<-:$^'^hy>'>?;j^ 

iJ'tciii. v^gvy^y^fX. >>3:yhy-fX, i/fy 

-r X/^^';6^^:^¥^ti-^, ^(Dp-^ 1/f y^Xa, IbfC 

tbWUT:^^ < ti^tL^. 1/ f y-f X;5i5^gd6^{c:/^5 

f y><X;iS5:iB6^(c/^5fe/t «9 ^-e-efe^o 
[0082] z.a:>i / i y ^X;is^gfi6^t::/:^^ i b cdM 

7}^^ n y — ^ ^ V > ^ . C O Pg # i ^ ^''J X. t 3 m A S 

r(7)fei^/^^^ny-i$^coflgif:?F^t^/^<if(cJ:o 

[0 0 8 3] 1 mmii^mm^nti-^^ ^ o tc-r 

i^€:altRi-6/ci!560, 1 0 9 7K¥:^-< :yV 1 <^ 1 1 0 tK 

^'>:7 b 1 -efe» <9 . t> 9 i*JL(^> -=5^ h y ^ 

'^^2 1 1 7 7K¥^>:7 }> 2'efc'5o 
[0 0 8 4] a 1*1 1 2 8?iJcOiiimtC^LT. 4^00^ 
^>lH]K^gBSL7tW-efc«9. 3 2?iJ(cHioa5>lH]K* 
Sfc-&TV^'5o 1 1 67K¥;^-f :y^2, 1 1 7 7^^iyZ7 

M/v^;^^2(t. rcD 1 2 8^iJ^)ilIftaitRi:r. 4;$:cD 
1 1 87k¥ft-^^2(::l^'9:»ttTv^^o 4;*:(7:»ii8* 

-60 

[0 0 8 5] I 2 omMy^-< y^n^mmiicmm^th. 

1 0 l^iJ^^-TKny-^ 1 SriSlR-rSo 119 

SiSv'^' M^v^y^^ii. 1 2 oiij^y^>r 
LT#?T^ai^-r5c #fJ;ii^ 1 2 s^TcoilJ^otj^. 1 
1 9MiEi/:7 bi/v^x^^l^, 12 8S^^c^5o 119S 
^i^-y hui^:^^7b'^h^n^mtK\.x\^^^m^ 1177k 

^i-5S:»lEJKt«ij:o'Cfg^>Sif^;6qT^:rt, ii4ffi;^ 

[0 0 8 6] i^±(r)|ft|qil, 1 2 8 X 1 2 8 (DmmiiC 4 
fli(7)M5^[p]SS*^^yt-^T. 3 2?iJtClflic7)«^lHl2S^I* 

tz^^tcmxh^r-. mm^^m'Am^mt\^^< hxi>m 
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1 1 07K¥i^:7 M/v?;^^ 1 $:j^oTV^5/b*!). a 

[0 0 8 7] H 3 i^. :^^m(Dmm^^mmikmw:<om 

[0 0 8 8] 1 0 1 ^a^>'7jfn7< — mAOOSSg*: 
gfi-r^t^-^. 1 0 l^i?^>-7j^np<-^ 1 cowgirl ^0iJ;tl±* 3 
KQ(i:tT. 1 0 2NPN hy>'i^y^^(D^^ ^mJ£ 
l^3V^/c^5o ro<i:# 1 O 2NPN h^>'>^;^i$'cD-< 
— :^fl;jEV b 1 tl. V b e ^0. 7 V<Jr L"CiKl3. 7V 

[0 0 8 91 1 0 2NPN 

•9. -ec^fcie){C. Z<Dmrf.^J±. =^^iy^m& (3V) 

J:*?C»Ji.«5 vgS]S< uyh8Vfc^;e-r§c 10 4P 

(8 V) ;0^ib5 V@Sig< ^ 13V^-r^o 
[0 0 9 0] ^— V b2i:i, Vbe^O. 7Vi: 
LT12. 3Vtfj:^o 1 0 S'f'^lyT^u 2<Dt& 

—^i<om:^\-X2f^(DeKQiicm^i.rcm'^. 103^ 

^^/Kn^t — 2(;i 1 inAjKi-Acie)fcv e 1^ 1 9 V(::^ 

[0 0 9 1 ] &.±(DUmit. Vb 1. Vb 2^— ^<h# 

[0 0 9 2] 1 0 S^^^-TjfnT^-^ 2{^. gtg±{:i?f^ 
^LTV^^7tJ6. rtt^SEtiettSE I c 2{croJ: 
^{b(l?tV\ 1 0 3^^>5}^n^ — ^ 2 1^. #?fi?:>3ltR 

[0 0 9 31 !ii4i±. ^¥^m(DmMms^mmmmw:(r)W} 

if^7j<T^-fl>^mXhoX. (a) TT^^^J' 

[0 0 9 4] rO*fm<^ tT*^0J-Ci^. 104PNP 
h 7>v^;^^C0-<— 1214 (b) (DV b 2i,C7f:'rX 50 
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Zt{cXoX. ^aS±#(wi;Sl c l<Dm{ti:^^>'^ 

[0 0 9 51 ^J;t<^^np« — B^f^tDt^— ^755 1 
Ot:<i: LT. 3j?np«-^(Dia*^3ac*0. 3 %/\: i: L 
fc:^^. ^*D^~^(7?}Sfetfii:(t3%±#L. I c 1^13 

m^V ='T t^j:^o Kb 2(Dmti^(DmBE.l'±6VXh^tc 
i^^ (34 (b) V b 2<DX 0 12. 3V;6^e)12. 
12V^r*0. 18V (6VX3%) U :=^TiiZmtir^ 

y>'y'm^^A:t)'r^t. i c 2 3%^{I::L. ici 

[0 0 9 61 0 5 :^mM(^mmm^mWimmm<D'-' 

oT. HIS (c) \'±9>Zfi&m^±^(D-m^7r:\^X\^^ 

[o 0 9 71 135 (c) iZTsk-rx '7>-:f^m^± 
Sli:. 50 1NPNh^>'v^>^^. tStaR ramp. =J 
>'7^>'i^C r a mp. 5 0 2 PSMOSFET. 503 
>' ^ 5/ :7 r * b ?^cf o T V ^ 5 o 

[0 0 9 81 Vb2(c{i, '7>'y'i&m(o^±m^hti^ 

(12, 3V) ^4-X.r^>5o SOlNPNh^^ 
v^>^^0^— ;^{C-^;t'5®i£V b r a mpii. ^ >':/iK 
m(Ommi:TT. ^>':/mJE4:V r <lr LT. Vbram 
p=Cramp-Rramp-Vr/Tr+Vbe (V 
be{"±*^0. 7V) <h/c^^<t 9{Cf^^-r5o 
[0 0 9 9] fcfcL. 5 0 I NPN h^>'>^;^^;5>^® 
SEl(l{^"r^J:9f-> Vb r amp<Vb 2<^i-Sj£:>l|;55 
fc5o y :/>^li)iV r t^, 1 0 3^^>':^^n ^ 2C7) 

ffi (0. 18V) tcK^-r^p 

[0100] [§]5 (c) cDPrampll502 PMMO 
S FET^©Jp-r6/"-Vu;^r-fe«9 . 1 1 67K¥;^'< 
2:^^ON'r^<7:>tmZi^^ ^'^^^X^ 5 0 2 PMMOS 
F E T 75 5 o N 5 J: 9 { - ^ ^ :^ 4: ^ X. ^ o 

[o 1 0 1 1 r.cD 1 1 5 ^>'y^ife?f^^^:^(7)m;^(i. 1 

0 4PNP hy'^i>y^^<D^-::^i,:iAti^tl^tctt>. Z 
(om^co/^ Xlizmvxhi^Mir^bi^^mTb^h^o Rra 
m p (75Stn:Mf^3M^ll. ^(Di^ b y y ^ Xf}'^^ 10 

1 f=-^>';fCn^-^ 1 ^f:i{il 0 3^^^^'n^-^ 2 

[0 10 21 Rt eLmp<Oi^3>y>/yC Xlt. 105 

oy^^l^T r/ (Cramp •Rb2) T*^$ix5o 
rcoy-Y>'J^. ^^^h$V^*-;d5J:V\ w(ORramp<7) 
>f'X(0?ati:&^. ^-^i^'n^— R b 

(2) , (3) <h-r6£^ild5fo5o (2) kJi 
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/Jf/u-ry-^^v-^^. T«:ijtfe*fia^-efe5o * * [o i o 3] 

4 k T/R b ^ (T r/C r a mp/R b 2) 2 • 4 k T/R ramp 

- (^2) 

Rramp^Rb2- ( V b r a m p / V r ) 2 ...(^3) 
[0 1 O 4] JSfe^ (4) ^/i^o 5^ [0 10 5] 

Cramp=Vbramp-Tr/(Vr-Rramp) (tC4) 



[0 1 0 6 J :Z(Dtzi^. R r a mpl:i. ^ (3) ^mti 
•tm^. -C#5ff^t:^#V^;^7!ysc r a mp < 
5o Rb2^6KQ. Vbramp^lOV, V 

r^O, 1 SV t Lfcm^. ^ (3) ^^hR r amp\^ lO 
18, 5MQ;6>_bPg'Cfo5o T r ^ 4 m s e c <t 

^ (4) ;&^f>Crampt^l2p F tfJ:^o ^(OU 

[0107] ]iX±(DWim\±. 115^ >- y^i£?F^^^^^ 

1 0 4 PNP h9>'t^:^^(D^—:^liC^mir^h<ot L 
-C!^5^4:^Tofc;6^. 1 0 2 N P N h ^ > v^:^ ^ cO-<— ;^ 

[0 10 8] ;*:%Wtci3V^-C^i. mj^LfcX 0 iiCy<^ r 

mi{c^\^^X. 1 2 1 1 2 8f±. Z<DU^/i-^^^ 
[0 10 9] lis. fy<^:^{C^^ ^ ^r^^WI^-r^X 

rt(7)0ij;tl^*l 0 9*:¥:^-f ^/^l ^<^<i:i^. ftf^.-S (8 
V) -^^-{-r^^y^ui^i^ (5V) coJ:9?t. 35V^mffi 
(13V) 5rS^c»o 30 
[0 1 1 O] |l|5^:::^oV^T. (a), (b){^. 109 
7K¥;^-f 1 0 6 y irtx h;^-f' ^/^cofl.{*:6^/^lEl 

[0 1 1 1 ] IEI6J^. 

oT. me (b) it. v^>'^^«is&<??flr<*e^?:?iHiK«^ 40 

[0 1 1 2] la 1 {<l^^V^r. 1 0 9 7K¥:^-f tCig 

1 t:i^]SmEE (1 3 V) -ci!i{^$i±5^-r^o 

<h^. 1 2 97k¥7^~^ A:^ 1 . 1 3 07k¥^ :y ^ A 
;^i{c, r.<Du-</u^«|§§ ( 1 2 1 . 122) 
n?o-C<So He (b) <7)VDD(i. K-h-^^WMm^ 

(0ij;t«5v) , V 1 («»i^j^i3v) 

(0 113] r.n{cJ:oTA:^Lfc5 v^(r)SiJi»^^°>'i-;^ 50 



i^i. 121. 122 x^-ov^^^x^m^ (13V) {C 
^«l^nT. 1 3 VT*i(jf^-r5 1 1 07k¥^>^:7 M/v^>; 
^ 1 (cA;^$n5o 1 1 OT^^^yy h i-i^::^ ^ 1 ^ 
mEE (1 3 V) Jiig^. 1 0 9*:^^-f 1 

{c^:k.xmiRLX^<. 

[0 1141 &s±<DWim\^. u^^\^^^^^y^^<^ 

Atim^mmir:5h(DtLxmm^n'or-^K 
m^n. 'r^<^y^^m^nm't^zth'^mxh^. m 

1 0 g^K^^^-f 1 c^FBltcgaaf 6r.i:{^cto-C. IpI 

Uge^^oi^-e^^o z.(r>m'^\±. iio*^v':7hw 

[0 115] f-fcL. \^-<^v^^^i:^i^^:^^ ^y^f-co 
El 1 u-</i-^lfeSI*#SP<^A;^(cgE®LTV^ 

[0 1 1 6] ia7{i. >!^%m(omm^^^mmm,mm.(o- 

[oii7]igiooii 9SiEv':7 h ui;^>^9f}^, #tT 
*)ifi^S^-r6fcJ6{c. 1 3 sSHt"-^ <t LT. V s 

y n c ^Kil L. 1 3 S^iH^ n-/:^<J:L'CHsync 
^A;^f 5o V s y n c 3 OH z 0:7 

3 3 m s e c fCl iH)/^/u;^;6sm:^§tt6 
J: 5 tC-r^o H s y n c «»J;tl^ 1 2 8 tT*#X./c:^ 
^.3 3 m/ 128 CD, *>]250Aisecic:i [nl/^yU':^ 
;eisai;^$ti'5 J: 5 tc-r^o 1 1 9Sii:s^:7 M/i;=y?.:$^c7) 
tl3:;'3Vi, V2, V 1 2 8^El7{c^fp ^.^xfcj: 

oT. ^n^m^m^ir^^tfi^x^ho 

[0 118] ^^nt^^mU^thX\^^^f^. 1 1 77K¥t^ 
:7 hu>?;^i$^ 2(^#^iJ^aMg^UTt^<o Hsync* . 
C 1 o c k ^n^tl 13 3 7K¥x — ^ 2 . 1 3 4 tK 
u :y>7 2{CA;^i~'5o SiJiZ&LTtct 119Ml1: 
hut:^ys^\^^ H s y n c {C^^X^n^MiKLX 
v*</0^ r.(7)^ # 1 2 0ilj^;^-r :y^;i)>^^tCONl~5 

5/c:i56c7)H s y n c * s y n c (*I?i?t- LTS^-tir^ w 

2c?:>m:^Hl, H2, H 1 2 8 SrEI 7 {C^fo 

[o 1 1 9 ] EI 1 c7)<^]T'(^. 4^lic7:)^^[E]gs^^torv^ 
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[0 12 01 ati^^^^i^^^ti^. x/W:?^^(30lEl 

l«^tm^'5<t 5t-UTV^^, :itL{cj:oT. «^03S7:)^ 
[0 1 2 2] El 8 (i. ^5!0^(^S!\S*^^«^^Sc7)- 
[0123] 11 OtK^v'^' b Uiy:^^ 1 li. tuii^bfc 

x.o[c^m^\B]^^mtK'r^tiisbcoh(Dx-^^ . 129 20 

1, 1 3 0 7K¥^ n 1 1-. -^tL^'tLElS 
i^Hsync', Cloc k*A;^'t'^o mtCj:oT 
1 1 OAW-'>^y h l/v^;^^ l;i^b{l. I l;0^?> I 5*-e 

[0 12 41 0 1fC:jott5. -#^cO«55-lEl«S^«^i]tC^ 

1 1 7*:¥v'':7 h uv?>^^ 2tcJ:oT. HIM, H5 
?U, H9?iJ, •••<?rv>5a:^(c:, 4M:Jo#tc)il#(c«Sg$ 

TaltR^tifc. loc7)ilim75Sigjg£$nTV^5o 

[0 12 51 H 1(D^^ ^>^t. —^^(O^^m^tD 
mtim.S.Y c 1 «ria S tc^-To Uld^^ ^ u 

^/i-comm. H 1 (Dm^AWii'fmii^ti. v c 1 {^m'^m 

[0126] At^*^«:^^c^^5>ll. t^^lefeo^hJ: a 
wCOVc It^. l/^v'U^^tciioTil^Stt 40 

1 1 i*¥m-^ji9if-a&f:?tis^n. ii4tii:;^(o 

U t) {C^tl^o 

[0 12 7] :L(Dt^. Vc KD^^^m^ (HAiK) 
^f^f+^5i^m/£^s f-^^y^/W/i^-zu K (S/H) 
mt^h^tz^. [Il8{c^i-J: I 1 <b S/H^^/u:?^ 

cOAND^^oT. S/H 1 <^V>^^^V^;^^^^^L. ^ 
(^^^-f 5 ^'^tCctoT. 1 0 Q^K^:^^ s/^1 5:ON$ 

{C, ElSOResetl tO^^/U'^^ ^-^X-^o ^c^R e s 50 
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e t l^^/w:^!^. I 1 «75j9^(?:i/^/w;^-efo5 I 2 R e 
s e ty</Uy^t<DAND^t^XVff&LX\^^^o 

[0128] -^Oi^. V c 1 liHi*. H 5 , H 9 , "(D 

a5>^?To-C**<o V c 2;&>ibV c 4 1»M^TLT. LtO- 

I 5il, V c 4(DV±y h^</\^y^^i'^^tzisb{z:^&-r^ 
I 1 ^:^< lR)i:^NVu>^-Cfo»3. Il^^fflLTtg: 

[0 12 9] Z(D^o{z:^mMXn. mW:(omi^^>''r 

[0 13 0] 1^9 11. *:5l0>^<7)^M^^^^ft^gcO— 

5o 1000X1000 iU^co J: 9 Tc, iij^^;e>51t 

[0131] 1^ 9 fCTj^-riilKT*!^. 901 Sfflv'^' b W 
v^y^^. 9 O 27K^v^y' 9 0 37K¥^'<:y 

^1, 9 0 47K¥:^-r :y^2. 9 o 9a^[HlK^^i^o 

[0 13 2] lai Oli. ;*:5§0>«t7)^ftM*i51^«»^3^gco 

li] 5§ (7) Kj ^ ^ ^ L T V ^ 6 o 
[0 1 3 3] [^9^C^^^V^T. 9 0 iMiav':^ M/v^x^>$? 

^A:^, :^ cz :y A;^{c, -^n-^'ixia i oov s 

ync. H s y n c €:A;'jL. #?TS:]ilii!fc3liRLT6* 
<^ 9 0 27K¥v/^ h v-'v^^ ^^^-r — ^ A:^, y ^ 
7^t}\Z.\X. -^n-^ixEl 1 OCOH sync* , Clock 
^A;'j-r5o Hsync' {CJ^i, 1^ 1 0 (C^f <t 9 tCl, 

Cloc kjg^<7)fsif&'bfe6. :^v^St^^'?/w>^SrA:^i- 

[0134] ^ilx.(^H sync^250Aiseci: L^c 
m&(r> 1 2 5 M s e c g^C^a^P^H 

^Tch-Swc^T^/S-c^eo HI, H2, H3, •-•II. 902 

L-f o#^f LTv0<o mtdcfcor. 9 O 47|<:¥;^-r :y 
^2;65S«$tL. m^i:no. Vcl, Vc2. Vc 
3. •••mS^Jfe^P^-efet). 1 2 5 M s e c CDt^Vn^^^ 



(12) 



8 4 6 5 1 



21 

[0 13 51 wOlHlKm. H s y n c^PflcO^*? 1/ 

^y^litC, HI* , H2* , H3* , 9 fflc^W 

iHlKomEE;^^ 9 0 STK^ft-i-ieit-K^a^^tt, 906 
|±i:/:?{Ctti;^/$n5o ?tf£LHl* , H2* , H3* , 
<D, m^i>Z7jkira(DU^\^. te-S 9 0 3*¥:^-r 1 
;6>al»^^tLTV^5F^. R e s e t /^/U>^{Cj:oT. 9 0 

[0 1 3 6] /c^*3. E19coF'J'C(i> y-fery 

[0 13 7] [2i9t7)[Hi3S(c:^5v^T(:i> ^(D^m^mm^^ 
® Af 5 r ^ -51 tg 5 o 

[0 13 81 II19(DlHlSS(C:JoV>T{i. ^?iJ(C«:»Ih1K^ 
-Cl^. H s y n c CO^^CC>^r^V>otfVMC. Wj^^ffO 20 
[ 0 1 3 9 1 0 1 1 (1> *5IP>^«^WftS*^i^«fi^^e(7) 

[0 1 4 ol m 1 1 (c:7j^$ixyhlHlK(^*5V^'C> #?iJtc 1 

1 0 m^J-lel^^Soc^Jl, Il]9cD[H]K<i:f^C'efo5 

z.(Dmxn.^mkc2i^(Dmmt^fi^i i o 4 ^ 

0 3 7K¥:^-i' 5/^2 *^UTV>-5o 2^§.(D110Zi^ 30 
^^^^Y :y^2(7) loco^.^.l-i. 1 1 0 4 SiHm-^^fT)^ 
m=f (Odd) (Cg^iSgL. fc9 1 0(7)^,#J^ffi|gctT (E 

V e n) kzmikir^o 

[01411 El 1 2 :^^m(omm^^^Wtn\imm.(D 
-mmMm^Tr^-r^^ ^>^m{A)x<^h^x^ mi i 

[0142] la 1 2 (cioV^T. 1106 fiii:->':7 b uty 

(^Vsync. H s y n c *A;^-r^c ^^.^{^(Dmt 
0 V s y n c ^ LT. 2 OCDH sync /^/l->^ 40 

^5>i^H s y n c (C^^or^ToTV^5r <irT'fc5o V 
1. V 2\'tm^^^y V\yi>:^^(7:>mti<Dmxh^o 
[0143] ^^{ClllO 7ii^W-i^y V \yiy7s^(r>f— 
^XtltLX. H s y n c<D2iB(Omm^^L^ — 
r-^/i^b 0%(D^</U>^Hs y n ^A:^brv^'5o 1 

1 0 TyKW-iyy hi^i^:^^<om:hHl, H2, H3, • • 
li. 2^,^,cO 1 1 0 37K¥;^-r :y^2(CA;^$n. 0*Jx 
IIVn^ l/-<;l.-Cii^|gc^f (Odd) . n r> i/^/u-ci^f^ 

(Even) :^miR^tl^o ^^ncT^m^AW) 50 
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{^{cae-re^. Hl?lJ^o*lft^T;555ltR$tt"cv^6Pa. 

1 1 0 i5BS5>[Hl5Sll«^Ii!jf^^?TV\ »:otT-Cfc6«» 

[0144]H1',H2',H3', -fi. IS-^^rgS 
^c«t)CO/"?>'U;^-efeor. l l O 2 7K¥^-f 1 
tCA;^-r5o HI' /^VUy<.75^3i-^±;5^oT. ft-^^i^<?A 
IliL/ct^. ■rC{C. y-lr :>/ ^/^/^;5^R e s e 1 75>tz:^>± 

755 1 1 0 85S5>::3>7=^>-9-(7)i;ir5/ b^tT9o H 

1' ;i^iz:-^T^^ofcfg t). {i/^Lcorel^ Re se t il^^^ 
l^-^/u^^^l^LT. 110 5*;¥iH^^fO^^^S^: y 

[0 1 4 5] H2?ijfci^i:-efo^;5^ H2?iiSriE^m-r 

i'X{ZHl^\\(Dlfk(On (f^^^f) (Dm^T^TbH^-^^ 

(D^\\(Di^my(omi7^^^^t^^^x\^^^^K ^myi-^^t^m 

[0 14 6] ^(OXo^cir^ZtiiCX^X. ^mf&l^X 

msec, 1000X100 omS?r%x.^c:» 

Hsync(±33msec/lOOO = 33Mse 

ct^ji^tK :^mfizx\t.^ 3 3 /i s^e c v^o^^v^^c 
:^m^xn. ^^\\(Dm^(om^mv{:im\^xh. Hsy 

^ ai Liii^ b V ^ 

[0 14 7] $ b{c:7K¥;^--r :y^2 ^ LTn^.'^.cO^^^ 

B#ra <t o T «FfB-& -e fo 5 o 
[0148] la 1 3 (1. :^^m(Dmm^^^mmi^mm(D 

fooT. 1 3 0 l;<c5p;^^ s/^2 <ir L-C4^.^>(^>^>r 5/ 
4;*:<OS[i:ft-^j|«^^'9#;t5^-g^€:^LT 

[0 1 4 9] lai 3(c^-r<t 4;^<r)^a:jt^ig 

:i<t;^5-c^5o 512X512^. 

12X5 12. yu—M.mMti^S 3ms e cXh^X. 
4^.^.(0 y^^m^^fzm^. WA^^W±. 33ms 
e c/5 12/4^16^ se c t^J:^o {S-^t^fjc^tti 

l.7bm(om^t^fi^oX^ n9\\tW^ni:>ti^:it{c 

[0150] !gi 1 4 (1. ^^m(DmM^^^mkmm.(D 
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±) :ioJ:t/i 4 0 h^^-i^:^^ 1 #-U^(ciE 

[0 15 2] MOSFETI-i. /^-T/i^— 7 h^^^v^^^^^ 

ffin^iV^^ y :y h:d^^h^i&. B i C MO S ^ n-tr >^ tc^ 

[0 15 3] #111^(^1 4 0 1 
14 0 sSttv--^ h w>^;?^^cDra{C(i:, 1 4 0 6 U-^/W 

;^I^5V) 1 4 0 8fiit:v'>' ht-v^x^i^iD 

3. 7V) i,cu^/u^^ir^tii^(Dh(DVh^o ctoj: 

[0 15 4] Z.com'^. VDD<J: LT0iJ;^tf 5 V. V2 
<hLT#fJx.«3. 7V. V 1 t\.xmK.\^OVi:^^ir 
wttf^J:oT. 1 4 0 2®r^ h^>'>^;^^ 

l(0>y-h{C|^3. 7Wfi^f)^f3^V). |^a5^H#«iO V^/JC 

[0 15 5] 1 4 0 7 l^-^yW^iaSff 2 

-</^ (0jJ;t(^5V) coft-^^. 1 4 0 4^^ h^^-v^:^ 
i$'2(^a^>i(jf'^fCi£i^^/^y-b«JE (e^J^Ill 2. 3 
V) :ty'r^mBE (W;t«19V) tC'Stfei-^i£i.i? 

me (c) {C7r:^nfciJ: 5?:^[Hl^;i5%;tibtt5. ^com 

VDD<ir LT^Jx.«5 V. V 1 <^ LT^J;tli'l 9 
V. V2 <t LT«rtJ;t«^ 1 2. 3V*81*Di-5o wttfcj: 
oT. 5 VCDf^Stgitii;*^ 12. 3Vtl9V(D^ 14 

0 4a^ h^vv^;^^ 2c^i(ii^tCi^i.^/^mi£{-^«i^tb 

[0 15 6] HtrizlsLfc. ^^>'3J^np«-i5^cOg£5!SftM 

[0157] la 1 5 (i:. :i^%m(omm^^^mn^mm,o:> 

[0158] 0iJx{^. (H 1 4 (C7j^-r 1 4 0 6 U-</l-^g| 

slUw, yi^^i^w^^^mm^ntL^^m-^. sis 
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{JJ:V^ ^tzVX^ 1 4 0 7 u-</w^^§§2 f::. =7>ym 

m^±mm^mc.^^m^\^. lais (b) tc^-r^t^ 

tC, V2SP$^{C, V 2 OJ&^bV 2 0+AVigEi:»^6^fC^ 

[0 15 9] lai 4CO^jT-|j:. #ll5>[B]«Soa^»f^ 

a^*^T?5-big^ffiL^T*(^B#ra;5^ 1 4 0 5®»=i>' 
T^vi^(ci:oTm/:^5:i irtc/^^, 140 5 

[0 16 0] l.-f}-V.t^t'^h. 1 4 0 2^:^h^ 

>'-:^;:^:^l. 1 4 0 495)- h^^v^;^^ 2, 14107k 

20 [ O 1 6 1 ] [H 1 6 (1. :^^0^(7)S?^g^*i$1^^®^^gco 

^oT. la 1 5 9 1 6 0 l^iJ'^^TjfnT* — 

^ 1, 1 6 0 2«5> b^>'v^>^^ 1 #iij^fCgBgU 
?:eio;<>^o. 1 6 0 3^^>'3j^n>— > 2, 1604 

[0162] m 1 6 {C^oV>r. ^iJ^cOfg^)' b ^^-v^:^ 

^t. 1 6 0 dm^i^y hi^i^y^i^ tcorsiic, mi 5{:l 

0V^r|ft§qL7t. 1 6 0 7 W-</U^m^l 16 08 

30 U^JU^^^2 tiiBgLTV>5o 

[0 16 3] ^i5'>'7j^'ny-i$'{^, s^f^zmmm^^±^ 

[0 16 4] ^^>7tiu ^-^ 2^. #^iJ{Clf[ifcltgS 

f^fiicL. ^^>^n^->$^2(:iS«±{c?f^fiKt-^;0N r. 

[0 16 5] iiztiL^c^i^^VTjfD^-^J'COffirt^bo^ 
50 -Yt(Om\^. yu-T>(>^^-V^m^fz.MOS¥ 
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[0166] 1 7 >^^m(Dmm0F^^mmiSLmm:<o 

[0 1 6 7 ] m 1 7 tCTj^fct 9 t-. 1 7 0 2 :7^—7"^ 
>'i/y-- hMOS F ETCDftfltC, 'f&CD0iJ<i: filmic. 17 lO 
0 l^^^'Tj^n^— 1. 17 0 S'^^^-n^u 
2, 1 7 0 4tt!» h^^-v?;^^ 2. 1 7 0 Stt^^^J^-y^ 
>'1^. 1 7 0 6*:¥:^^ :y^^^«;irv>;5o 

[0 16 81 1 7 0 2 -r ^ hU 

OSFETt'i. ^cOU^vMit^EEV t 4:. 17 0 1^1$' 
>':^n^— ^ 1, 1 7 0 3^^>'5^fn^-^ 2^fcil^ 
5> ^7>v^:^^*»?ti^5^^'1'rxfl;ijfc. :^fct^ 17 0 5 

[0169] 1 7 0 2 :7n— >'^y— hMO S F E 
IcKi. Icl= (Vbl-Vt) 

[0170] HI 1 8 f^. :^mM(ommm^mmmmw:(D 

#^1^^, m^, m^mi'iy-^>:^co-'m^7r^Lx\^^ 

JfeJI^^«:^f :/n 5/^[g|-efeoT. lai 8(c*fj;£;-r5^ 

[0 17 1] Ell 9{c43V^Tl:i. Ell 7 {CTjk ^ tifc X o 
?S«^Srl#ol 9 0 l7=^^^>r>^. ixy^ h U>^y^^l?-^t$^ 

-r ^ >^^^^ir^ 1 9 0 2^ki[e12s> m^'i:m^m 

^S-r^fni^cD 1 9 0 3K;^tliLlElS§. -^f^ftll. 1 
9 0 4|SlglHlK. 1 9 0 5#^i^^. r^*lH]^;5-Jb^^6 

[0 17 2] -(DXo^j:mi&^. «^^go*{ci§:;t6 

^f::l:il 9 0 4ffi1tlE]K, 1 9 0 5##jZ^^, 
[0 1 7 3 ] HI 1 7 {:i43V^T. 1 7 0 7 l/-</U^^SI 

lai 8(7)j: 9/^f^*miE(ciS'5£u-c. ^^s^ttiE 
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[0 17 4] rc7DifP,o^S{cff;;i:T. li* tb o ^ ^ei^v^r < 
-7u--^^>'y^^h{cm^i:^ALX. Vt^ 

[0175] HI 2 0 li. ;*:^§^(7)^^gS^^^}t^^g(7) 

[0 17 6] 0 2 Ofd^ Jttfc^Jt^. m^^^^e 4X6 

4^(^J:9{-. ^^t^/^$V^iJ^^CW5aT-fo6o HI 2 0 

{C7fk^titz.m}^i,c^x\^^n. m^\^. h y ^;^±{cga 

JiJ$tt;rn^^>'7Kn^— ^ 1 ^J^o2 0 0 1 t^/^^ :^ 
2 0 0 2588^ h7>'>^;^i5' 1. 2 0 0 S'^^VTJ^n 
^ 2, 2 0 0 4|S^ h^Vv^;^^, 2 0 0 5|S^:=i 
>7='>'1^, 2 0 0 6 y-fe^/ 5/^, 2 0 0 71^>'y^ 

/^'7J^— /l^K (S/H) $r«;^TV^5o 
[0 17 7] 2 O 0 3^i?^>'/i^n;^— ^ 2|i:, 2 0 0 1 

2 0 0 3^^>^^^n^— 2cOf-tt?»9{C. 20 0 
[0 17 8] i^±{C:ioV>T{^. ?lJffltC^g^:n>'^>'i^^ 

[0179] 

[0 18 0] * fc:$:^0>^{l:J5V^T{^> Sy^ffl^^?' >'/J^ cr 
^^>"!lr^u 2^^mi.x\^^fz.^. v'^<^:^(r>U 

mx^^o 
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[0 18 11 ^^{-. ^^m^cm^Xl^. ^y^i^tz 
[0 18 2] :*:%?qt::i3V^Tf^s mi^^>'^>' 

[0 18 31 ^btc. ^mmic^^^^xi-x. mmm<D^^ 

[0 18 41 ^^0^{C:fc^V^rl^. ^Sl-'-</l-c7) 

[0 18 51 rbtd. *:M§^^-*5v^T^i. €>PJm{caij^ 
[[gi®(D®*/^i5^0ji 

[laii ^^mcD-mmwrn^^-rf^Mi^^mmiiimm 

[m2] :^mM<Dmm^^mmmmm(Dmi'f^m'rM9& 
mil) xh^. m2 (a) I'ti^mm^TjK'rmx. m2 
(b) \^mtimm,i:7fiirmx;fo^o 

111(2) xh^o 

04 (a) t^=i Vv^>'i^P)$ffi(^mjE;d5 4o 
l«^»3f^^{citSfnLTL^9fl^J*^-ril-e. I1I4 (b) 
(Vb2) ^A;^^/^^^^!^^-^!!!^^^ 

(a) i^Ti^^:^^ y^m^^m^Tj^-rmx. (b) 

V±^yhy^-( y'^cDmKmi^TJ^'tWX, 13 5 (c) 11^ 
> :/fi?F^^ li] ^^J ^ :^-rill -C fe 5 o 
[0 61 *^§«(Of|RM*^i^a^3Sg<^-|li6?f^^{-4b- 
t-t5#^lH]K«^0iJS:^-riHlKEl(2) -efofj. 0 6 50 



28 

(a) - (c) U^;V<DmiS. (0iJ^t^5V) 4: 

a5>h^>v;^;^^{Ci^i^^/^«i£ 3. 7V) (c 

^«lt-50fl^^L. 06 (a) i^A:^S/£«r^i"0'C. 
0 6 (b) {^U'-<yWiEl^lHlK^^t-0-e. 0 6 (c) 
ffi;^mEE^^i-0T*^b^9. 06 (d) - (f) 

^f^mEE («^xtfl3V) (C^M-r^0ii^^L. 06 
(d) j^iA;^*:^*:^^- 0-e. 0 6 (e) (iW-i/W^Sl 

iHi^^^-r0r% 0 6 (f) i-xt^timf^^nk-rmx^ 

0 6 (g) (i) \'tui;^^yy/ u^/ucdMEE 
4r»^» h ^ >'t^>^ tCj^^^/cCm/i (y- hm/E 1 2 V <i: 

:t-:7-r6mH 1 9 V) {C^^-r5l^J^7p:t-0T% 0 6 

(g) llA;^ft-^*^-r0T% 0 6 (h) iti/-</^^»l 

iHiK^^t-0'e. 0 6 (i) iii±i;^mm^^-r0'cfe 

[0 7 1 *^P>^cO^M^^««^^gc7)-|lffi?F^gi^7r: 

fi^'-r ^ >'i/0(i) T*fe»9> 07 (a) i-immiyyhu 
i:!^:^^<Dmt)^7^irmx. 0 7 (b) i^^i^y Vu-J:^ 
^ o:>\^ti^7r--rmxh^. 

[0 8 1 *%0>^co#as*^^«^Sg<^-^J£?f^«i*^ 

f ^^^0(2) T'fo^o 
[0 91 *5l§^<?5f^M*^j»««^g<0-^lifi?f^^(C:f3 

[0 101 *5!§^co^M^-^^«1»i^eco-**?i^ffi^ 
^-Y ^ ^-^0(3) -Cfc«9> 010 (a) JIV s y n 
c <i:H s y n c (D@|#^^-r0T% 010 (b) J^H s 
y n c bn sync' O^#^^-r0T-fe 

[0111 

:j3t:t6«-SPlHlK«^)c«»J^^-riElSS0(4) -Cifo^o 
[0 121 ;*:5l0J<^^.M*^^lt^3^S(^-^M?f^ti^ 

^-r^-Y ^ >'i/0(4) T*fe*9 . 0 12 (a) s y n 

c tVls Y n c(Dm^^7r^irmX. 012 (b) IIH s 
yo ncirHsync' 0-Cfo 5o 

[0 131 :^%m(owsm^^^m.wm,mu(D-mmwmkc 
[0141 :^mm(omm^^9vm^m.mw(o-mmBm\c 

^5{t^#g|5lE]Sg«^0iJ5:^-riHlg§0(6) T-fc6o 
[0151 *^0>^coSftM*^^jt(^^Si^-^3S?F^te{c 

*5ft5^gl5[E]SS«^jcCfiJ€:?J^i-lHlK0(7) -efe»9. 015 
(a) (d) CiV 1 O'-'V 1 0 + AVfT^^^-T'jK?!^* 

i±i:^-r5i--</i^^i^S5^^L. 015 (a) itxt^-r^ 

y >'>^iK?f^^^t"0T% 015 (b) (iA:;^iK?F^^7F-r 
0-e. 015 (c) JiV-^/i-^lft[E]KSr^-r0-e. 01 
5 (d) \t.^ti^Mi:7f^'tmxh^ . 015 (f) - 

(h) li. V 2 O— V 2 0- A VO^^-y^iSJi^^fcfcl;^-?" 

5i^-<>'U^«l§i^^U. 015 (e) {^Xti-r^y^-:^ 
fSLW^^TT^irmx. 015 (f) (iA:^jS?f^S:^-r0-C. 

015 (g) l^i/-</u^^lH)?S?:^-r0-e. 015 
(h) llt±l;^iK?i?^^-r0-C*>5o 
[0161 *3g91coil&S*^«iafl^^S<^-^lfe?l^fl6f- 
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:j3Jt^«-S|5[ElK«^iKC»l«r^nHlKEI(8) -^fc^o 

[mis] ^^m<Dmmm^mn^mm<owji¥i7sk'r^ 
&m(3) El 18 (a) n'^m^\±^'ev-^<ov 

-h'y-C h^n^Jiomi&^Tjkirm'r?. mis (b) i^W) 

[(21 2 0 1 *^I^C7)^^#^^il^i^gcD-^:fe?f^figlC 10 

6#lfPlHlSS«J55c0iJ4:^t-lBlSSEl (10) -Cfo^o 
[02 1] f^*co|RlSSS^^«S««^SoRfr®El-efo^o 

[[22 3] se5K(ofi?iM*^^»«^ss<^iHiKia-e*>6o 

[iRF#<^ltt0.ql 

1 xj^n^ — ^ 

2 ilj^;^>r'y^ 

3 SHAND 

5 *^AND 20 

6 ^^^^i^m 

7 mmn^m 

8 7j<:¥{t#i^ 

9 Sitv^^ h 

10 ^ ,y ^ 

1 1 yfaW-iyy h i^>^>^^ 

12 tat)i 

13 ffi;^2 

1 4 a^jiHiK 1 

15 S»[H]Ig2 30 

2 0 

2 1 ^dSlHlSS 

2 2 !; =3 ^-^^blK 

2 3 

2 4 Kidf^ (T/U^) 

2 5 ft-^BBIS (T/U-^:) 

2 6 >^ y 5/ f 

2 7 ^i5'>'7j^'n^— ^ 

2 8 y =3 ^g^-fbs^ 

2 9 ^{t:^i5^> 40 

3 0 mm^mtRm 

10 1 ^iJ' n ^— ^ 1 

10 2 NPN h^^-i^:^^ 

10 3 "f-^^Tf^vi 2 

10 4 PNP h^>i^:^^ 

10 5 a^^^i^-T^^f- 

10 6 y-fe^/ h:^^ 

10 7 y — ;^:7;^c2r 

10 8 YJ:y^Jy^^ 

1 0 9 7K¥;^-r :y^l 50 
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110 it^w-^^y Y i/i?;^^ 1 

111 7k¥ft-^^ 1 

112 y—Ts-y^xjy 

113 :^i3f h^Vv^;^^^^ 

114 ttJ:^ 

1 1 5 ^V-y^KTF^^^Ss 

116 7K¥>^-f y^2 

117 7K¥v':7 bixv^;?^^ 2 

1 1 8 7K^m-^i^2 

119 ^}M.^^'y 

12 0 

1 2 1 1 2 8 l^^/l^^lfeSi 

1 2 9 7K¥x — ^ 1 

13 0 ny^\ 
13 1 S/H^-^/U^^. 
13 2 y ir :y h>'^>'W;^ 
1 3 3 7k¥x — ^ 2 

1 3 4 7K¥:^ n y 2 

13 5 mm.f—^ 

13 6 SH:^ n -/>:^ 

50 1 NPNb7>'v^:^^ (^>>^^^ffl h^>':::^;=^ 

5 0 2 PMMO S FET 
5 0 3 -'^ :y :7 r 
9 0 1 ^^-yy h 

9 0 2 tK^v'^' b v^^:^^^ 

9 0 3 Tk^^-r 1 
9 0 4 7K¥:^-f:y^2 

9 0 5 *¥<t-^il6 

9 0 6 tii;^; 

9 0 7 yir y h^^-r 

9 0 8 ^^a^^^^^x^f- 

110 1 tt^iHias 

1 1 0 2 7k¥^-< 1 
110 3 TK^^^^-f ^/f^2 

110 4 Sii:{t-§*j^ 

110 5 *5pff -^^ 

110 6 m^^yy Y uiyy^^ 
1 1 0 7 7i(.^-yy Y ui^y. ^ 

110 8 flS^^'VT^V'i^ 

13 0 1 7k^:^-f :y^2 
1 3 0 2 «^IHIK 

14 0 1 ^^V-Tj^n^ — 1 
1 4 0 2 ^^Yy>'i^:!^^ 1 
1 4 0 3 ^^V-Tj^npi — ^ 2 
1 4 04 WAYy>'i^ys^2 
1 4 0 5 ®^=^>7^>'i^ 

1 4 0 6 U^/i-^^Ss 1 
1 4 0 7 U-^/U^lJiSi 2 
1 4 0 8 m^->y Y\^i^:^^ 
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1 4 0 9 7k¥:^-f v"^ 

14 10 i^W'^^'y 

16 0 1 ^^^-^jfn I 

1 6 0 2 WjfV^^y^^^^ 1 
1 6 0 3 — ^ 2 

1 6 0 4 Wji hyi^i^:^^ 2 

1 6 0 5 m^^^'T^'^ 

1 6 0 6 7k¥:5^-< yf- 

1607, 1608, 1611 P-^/Ui 

1 6 0 9 SiSv'^' h Uv^;^^ 

16 10 7i<.W-->y h^i^:^^ 

17 0 1 ^i^^V-T^'n^ — ^ 1 

1 7 0 2 :7D— >'^^— hMOSFET (tt^J- h 

y ^v^;^^^^ 1 ) 

1 7 0 3 f-^^Ti^u:^—^ 2 

1 7 0 4 b7>'v?:^i$' 2 * 



10 



32 

* 1 7 0 5 W^J^VT^^-i^ 

1 7 0 6 TiaW-y^-r y^f- 

1 7 0 7 l^-</^^lfe« 

19 0 1 -r^^-f;^ 

1 9 0 2 ^ttlHlK 

1 9 0 3 sc^mLlHlK 

1 9 0 4 lattlHlSS 

1 9 0 5 a^^j^;^, m^m& 

2 0 0 1 r'^^^;^ 

2 0 0 2 1 

20 0 3 ^iJ^^-;}? n^ — 2 
20 04 a5>h^>'v^^^2 

2 0 0 5 m^T^^^yf^^ 

2 0 0 6 h^^-Y 

2 0 0 7 i^>'>^yU7^:— 7U K 
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